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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to an exhaust pu-
rifying apparatus for an internal combustion engine.
[0002] Exhaust systems of some engines include an
exhaust purifying member such as a carrier incorporating
a NOx purifying catalyst that removes nitrogen oxide, a
PM (particulate matter) filter for collecting particulate mat-
ter, and a DPNR catalyst formed by incorporating the
NOx catalyst into a PM filter.

[0003] In some cases, additive may be supplied to an
exhaust purifying member for recovering purifying func-
tion of the exhaust purifying member. For example, as
described in Japanese Patent No. 2722987, fuel is sup-
plied, as the additive, to the PM filter incorporating a NOx
catalyst. The NOx absorbed by the catalyst is thus re-
duced and released, such thatthe NOx removing function
of the catalyst is recovered. Further, if the accumulation
amount of the particulate matter collected by the PM filter
is increased, pressure loss caused by the PM filter is
increased. However, the fuel supplied to the PM filter as
the additive burns out the particulate matter collected by
the filter, so that the PM filter is regenerated.

[0004] DE 10108 182 Adiscloses an exhaust purifying
apparatus, also being afilter, controlled by a downstream
thermocouple.

[0005] Although the additive supply is effective in re-
covering the function of the exhaust purifying member,
it may lead to the following problems. That is, the additive
supplied to’the exhaust purifying member is essentially
evaporated and burned out through combustion or oxi-
dization in the purifying member. However, if some of the
additive is adhered to the exhaust purifying member with-
out being combusted or oxidized, the adhered additive
may function as a binder and adsorb particulate matter
and the like, thus clogging the exhaust purifying member.

SUMMARY OF THE INVENTION

[0006] Accordingly, itis an objective of the present in-
vention to provide an exhaust purifying apparatus for an
internal combustion engine capable of reliably diagnos-
ing the clogging state of an exhaust purifying member.
[0007] To achieve the foregoing and other objectives
and in accordance with the purpose of the present inven-
tion, the invention provides an exhaust purifying appara-
tus for an internal combustion engine according to claim
1.

[0008] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Theinvention, together with objects and advan-
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tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiment together with the accompanying drawings in
which:

Fig. 1 is a view schematically showing an internal
combustion engine and the vicinity thereof to which
an exhaust purifying apparatus according to the em-
bodiment of the present invention is applied;

Fig. 2 is a flowchart showing a procedure for control-
ling the exhaust temperature according to the em-
bodiment;

Fig. 3is agraph explaining the principles of diagnosis
of the clogging state of an exhaust purifying member
according to the embodiment;

Fig. 4 is a graph illustrating variations of the exhaust
temperature, the amount of collected matter, and the
amount of added fuel, when an exhaust temperature
control procedure is performed;

Fig. 5 is a flowchart showing distal portion regener-
ation according to the embodiment;

Fig. 6 is a flowchart showing distal portion regener-
ation not according to the present invention;

Fig. 7 is a graph showing temperature difference be-
tween the first and second exhaust temperatures
versus clogging degree of an exhaust purifying mem-
ber in a modification of the embodiment; and

Fig. 8, not according to the invention, is a graph
showing first exhaust temperature versus clogging
degree of an exhaust purifying member.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] An exhaust purifying apparatus for an engine
according to the embodiment of the present invention will
now be described with reference to Figs. 1 to 5.

[0011] Fig. 1 schematically shows a diesel engine 1,
a controller 25 of the diesel engine 1, and the vicinity of
the engine 1. The engine 1 includes a plurality of cylinders
#1, #2, #3, #4. A plurality of fuel injection valves 4a, 4b,
4c, 4d are provided in a cylinder head 2. Each of the fuel
injection valves 4a to 4b injects fuel into a corresponding
one of the combustion chambers defined by the cylinders
#1 to #4. Further, a plurality of intake ports and exhaust
ports 6a, 6b, 6¢, 6d are defined in the cylinder head 2 in
correspondence with the cylinders #1 to #4. Each of the
intake ports introduces the ambient air into the corre-
sponding cylinder #1 to #4. Each of the exhaust ports 6a
to 6d discharges combustion gas from the corresponding
cylinder #1 to #4.

[0012] The fuelinjection valves 4ato 4d are connected
to a common rail 9 in which a high-pressure fuel is re-
tained. The common rail 9 is connected to a supply pump
10. The supply pump 10 draws fuel from a fuel tank and
supplies the high-pressure fuel to the common rail 9. The
high-pressure fuel is then injected into the cylinders #1
to #4 by the injection valves 4a to 4b, when the valves
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4a to 4b are opened.

[0013] The intake ports are connected to an intake
manifold 7. The intake manifold 7 is connected to an in-
take passage 3. A throttle valve 16 is disposed in the
intake passage 3 for adjusting the intake air amount. The
exhaust ports 6a to 6d are connected to an exhaust man-
ifold 8. The exhaust manifold 8 is connected to an exhaust
passage 26.

[0014] A catalytic device 30 is provided in the exhaust
passage 26 for purifying exhaust gas. Two exhaust pu-
rifying members are arranged in series in the catalytic
device 30. The exhaust purifying members include a first
exhaust purifying member and a second exhaust purify-
ing member. The first exhaust purifying member corre-
sponds to a NOx storage reduction catalyst 31, which is
provided at a relatively upstream position with respect to
the exhaust flow, for removing NOx from exhaust gas.
The second exhaust purifying member corresponds to a
Diesel Particulate-NOx Reduction system (DPNR) cata-
lyst 32, which is located downstream of the catalyst 31
with respect to the exhaust flow, for reducing the amount
of the particulate matter or NOx released from the ex-
haust into the air. The DPNR catalyst 32 is formed by
incorporating a NOx storage reduction catalyst into a po-
rous ceramic structure. The particulate matter contained
in the exhaust gas is collected by the DPNR catalyst 32
when passing through a porous wall of the catalyst 32.
Further, when the air-fuel ratio of exhaust gas is lean,
NOx inthe exhaustis stored in the NOx storage reduction
catalyst 31. In contrast, if the air-fuel ratio of the exhaust
gas is rich, the stored NOx is reduced and released by
substances such as HC and CO.

[0015] Theengine 1alsoincludes an EGR device. The
EGR device introduces some of the exhaust gas into the
intake air, thus lowering the combustion temperature in
the cylinders. This reduces the generation amount of
NOx. The EGR device is configured by an EGR passage
13 connecting the intake passage 3 to the exhaust pas-
sage 26, an EGR valve 15 disposed in the EGR passage
13,anEGR cooler 14, and the like. By adjusting the open-
ing degree of the EGR valve 15, the reflux amount of the
exhaust flowing from the exhaust passage 26 to the in-
take passage 3, which is the EGR amount, is controlled.
The EGR cooler 14 cools the exhaust gas flowing in the
EGR passage 13. The EGR valve 15 is provided with an
EGR valve opening degree sensor 22, which detects the
opening degree of the EGR valve 15, or an EGR valve
opening degree EA.

[0016] The engine 1 also has a turbocharger 11 for
supercharging intake air to each of the cylinders #1 to
#4, using exhaust pressure. Anintercooler 18 is disposed
in a section of the intake passage 3 between an intake
turbine and the throttle valve 16. The intercooler 18 cools
the intake air warmed through supercharging by the tur-
bocharger 11.

[0017] An exhaust throttle valve 40 is provided in a
section of the exhaust passage 26 downstream of the
catalytic device 30 with respect to the exhaust flow. The
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exhaust throttle valve 40 adjusts the flow rate of exhaust
gas in the exhaust passage 26. As the opening degree
of the exhaust throttle valve 40 becomes smaller, the flow
rate of exhaust gas also becomes smaller.

[0018] Various sensors are installed in the engine 1
for detecting the operational state of the engine 1. For
example, an airflow meter 19 detects anintake airamount
GA in the intake passage 3. A throttle opening degree
sensor 20 detects the opening degree of the throttle valve
16, or a throttle opening degree TA. A first temperature
sensor 33 is provided downstream of the NOx storage
reduction catalyst 31 with respect to the exhaust flow for
detecting a first exhaust temperature Thi. The first ex-
haust temperature Thi corresponds to the exhaust tem-
perature at the exit of the NOx storage reduction catalyst
31. A second temperature sensor 34 is disposed down-
stream of the DPNR catalyst 32, the other exhaust puri-
fying member located downstream of the NOx storage
reduction catalyst 31, for detecting a second exhaust
temperature Tho. The second exhaust temperature Tho
corresponds to the exhaust temperature at the exit of the
DPNR catalyst 32. An engine speed sensor 23 detects
the rotation speed of a crankshaft, or an engine speed
NE. An accelerator pedal sensor 24 detects the depres-
sion amount of an accelerator pedal, or a pedal depres-
sion degree ACCP. An air-fuel ratio sensor 21 detects
an air-fuel ratio A of exhaust.

[0019] The outputs of these sensors are inputted to
the controller 25. The controller 25 is configured mainly
by a microcomputer including a central processing unit
(CPU), a read only memory (ROM), a random access
memory (RAM), a timer-counter, an input interface, and
an output interface. The ROM pre-stores various pro-
grams and maps. The RAM temporarily stores compu-
tation results obtained by the CPU. The controller 25 per-
forms various control procedures of the engine 1, includ-
ing those for the fuel injection amount and injection timing
of the fuel injection valves 4a to 4d, the displacement
pressure of the supply pump 10, the actuation amount
of an actuator 17 selectively opening and closing the
throttle valve 16, the opening degree of the EGR valve
15, and actuation of the exhaust throttle valve 40.
[0020] Further, an injection nozzle 5 is secured to the
cylinder head 2 and forms an additive supply mechanism
for supplying fuel to the NOx storage reduction catalyst
31 and the DPNR catalyst 32. The injection nozzle 5 in-
jects fuel, as additive, to an exhaust port 6a of the first
cylinder #1. The injected fuel reaches the NOx storage
reduction catalyst 31 and the DPNR catalyst 32, together
with exhaust gas. The injection nozzle 5 and the supply
pump 10 are connected to each other through a fuel sup-
ply pipe 27, such that gas oil, the fuel, is supplied to the
injection nozzle 5. The injection nozzle 5 is configured
identical to the fuel injection valves 4a to 4d. The con-
troller 25 controls the injection amount and injection tim-
ing of the injection nozzle 5.

[0021] In the embodiment, the additive supply mech-
anism supplies fuel to the NOx storage reduction catalyst
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31 and the DPNR catalyst 32 for the following reasons:

A. In diesel engines, the exhaust air-fuel ratio is nor-
mally lean. Thus, before the storage amount of NOx
in the NOx storage reduction catalyst 31 and the DP-
NR catalyst 32 reaches a limit, the exhaust air-fuel
ratio must be enriched for reducing and releasing
the NOx stored in the catalysts 31, 32. Accordingly,
when the NOXx storage amount, as estimated based
on the engine operational state or the like, reaches
a predetermined limit value, the controller 25 per-
forms a NOx reduction procedure by supplying fuel
through the injection nozzle 5. The fuel functions as
a NOx reducing agent when received by the NOx
storage reduction catalyst 31 and the DPNR catalyst
32. Further, the fuel consumes oxygen as combust-
ed in the NOx storage reduction catalyst 31 and the
DPNR catalyst 32, such that the exhaust fuel-air ratio
is enriched. The NOx reduction procedure maintains
the NOx removing functions of the catalysts 31, 32.

B. As the accumulation amount of particulate matter
in the DPNR catalyst 32 becomes larger, the pres-
sure loss caused by the DPNR catalyst 32 becomes
greater. Thus, before the pressure loss becomes ex-
cessively large and affects the engine operational
state adversely, the accumulated particulate matter
must be decreased, or a regeneration of the DPNR
catalyst 32 must be performed. Accordingly, when
the accumulation amount of particulate matter, as
estimated based on the engine operational state or
the difference between an upstream exhaust pres-
sure and a downstream exhaust pressure of the cat-
alyticdevice 30, reaches a predetermined limit value,
the controller 25 performs the regeneration of the
DPNR catalyst 32 by supplying fuel through the in-
jection nozzle 5. The fuel is combusted when reach-
ing the DPNR catalyst 32, such that the particulate
matter is ignited and eventually burned out. In other
words, the fuel functions as a promoter for burning
the particulate matter. The regeneration of the DPNR
catalyst 32 thus decreases the accumulation amount
of particulate matter in the DPNR catalyst 32.

C. The NOx storage reduction catalyst also absorbs
SOx (sulfur oxides) generated from sulfur, which is
originated in fuel and lubricant oil. Since the storage
capacity of the NOx storage reduction catalystis lim-
ited, the actual amount of NOx allowed to be stored
in the catalyst may be reduced if the absorption
amount of SOx increases. In other words, the NOx
removing function of the NOx storage reduction cat-
alyst is lowered due to so-called SOx poisoning.
However, it is known that SOx absorbed by the NOx
storage reduction catalyst is released from the cat-
alyst in a high-temperature reducing atmosphere of
approximately 600 degrees Celsius. It is thus possi-
ble to reduce the amount of SOx absorbed by the
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NOx storage reduction catalyst under this condition.
Accordingly, when the absorption amount of SOx,
as estimated based on the engine operation sate or
the like, reaches a predetermined limit value, the
controller 25 executes a SOx poisoning recovery
procedure by injecting fuel through the injection noz-
zle 5. The fuel is combusted in the NOx storage re-
duction catalyst 31 and the DPNR catalyst 32, gen-
erating heat for heating the catalysts 31, 32. Also,
the fuel combustion consumes oxygen in the vicinity
of the catalysts 31, 32, lowering the oxygen concen-
tration in the vicinity of the catalysts 31, 32. The
aforementioned condition, or the high-temperature
reducing atmosphere, is thus satisfied, enabling SOx
accumulated by the catalysts 31, 32 to be reduced
and released. The fuel also functions as a SOx re-
ducing agent.

[0022] The fuel is supplied to the NOx storage reduc-
tion catalyst 31 and the DPNR catalyst 32 for the above
reasons A to C.

[0023] The NOx storage reduction catalyst 31 or the
DPNR catalyst 32 may be damaged when heated exces-
sively. Particularly, since the DPNR catalyst 32 receives
the exhaust gas heated in the NOx storage reduction
catalyst 31, the temperature of the DPNR catalyst 32
tends to become greater than that of the NOx storage
reduction catalyst 31. Therefore, if the exhaust temper-
ature is controlled to a target value for suppressing ex-
cessive heating ofthe DPNR catalyst 32, the NOx storage
reduction catalyst 31 is also prevented from being heated
excessively.

[0024] Since the additive is combusted in the DPNR
catalyst 32, excessive heating of the DPNR catalyst 32
cannot be suppressed by controlling the exhaust tem-
perature at a position upstream of the DPNR catalyst 32
with respect to the exhaust flow (the first exhaust tem-
perature Thi). In contrast, if the exhaust temperature at
the exit of the DPNR catalyst 32 (the second exhaust
temperature Tho) is controlled, a temperature rise
caused by the additive combustion in the catalyst 32 is
taken into account of the control procedure. The temper-
ature of the DPNR catalyst 32 is thus adjusted to a value
close to the target. In the embodiment, by adjusting the
amount of the fuel supplied by the injection nozzle 5, the
exhaust temperature at a position downstream of the DP-
NR catalyst 32, which is the second exhaust temperature
Tho detected by the second temperature sensor 34, is
controlled to a target exhaust temperature PT.

[0025] Fig. 2 shows a procedure for controlling the ex-
haust temperature executed by the controller 25. The
procedure corresponds to exhaust temperature control
means.

[0026] First, the second exhaust temperature Tho is
read by the controller 25 (in step S110). Next, based on
the difference between the target exhaust temperature
PT and the second exhaust temperature Tho, the amount
of the fuel to be supplied by the injection nozzle 5 is set
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(in step S120). The procedure is then suspended. The
target exhaust temperature PT corresponds to a temper-
ature at which the exhaust purifying performance of the
DPNR catalyst 32 is maintained and excessive heating
of the catalyst 32 is suppressed. The target exhaust tem-
perature PT is set in correspondence with the engine
operational state, which is, for example, the engine load
correlated with the exhaust temperature. Further, as the
difference between the target exhaust temperature PT
and the second exhaust temperature Tho becomes larg-
er, or the second exhaust temperature Tho becomes
higher than the target exhaust temperature PT, the fuel
addition amount becomes smaller. By enabling the injec-
tion nozzle 5 to inject fuel in correspondence with the set
fuel addition amount, the exhaust temperature down-
stream of the DPNR catalyst 32 is controlled to the target
exhausttemperature PT. In other words, the temperature
ofthe DPNR catalyst 32 is maintained at a predetermined
value in correspondence with the engine operational
state.

[0027] However, the fuel supply may cause the follow-
ing problem. The additive supplied to the exhaust puri-
fying members including the NOx storage reduction cat-
alyst 31 and the DPNR catalyst 32 are essentially evap-
orated and burned out through combustion in the exhaust
purifying members and oxidization. However, if some of
the additive is adhered to the exhaust purifying members
without being burned out or oxidized, the adhered addi-
tive may become a binder and adsorb ’the particulate
matter or the like, clogging the exhaust purifying mem-
bers.

[0028] Also, although the exhaust purifying members
including the NOx storage reduction catalyst 31 and the
DPNR catalyst 32 are heated by the heat generated
through the additive oxidization and combustion in the
exhaust purifying members, the temperature distribution
in each of the exhaust purifying members is non-uniform.
More specifically, the temperature of the NOx storage
reduction catalyst 31 or that of the DPNR catalyst 32
becomes higher toward a downstream side of the ex-
haustflow, due to the heat generated through the additive
oxidization and combustion. That is, the temperature of
the NOx storage reduction catalyst 31 or that of the DPNR
catalyst 32 becomes lower toward an upstream side of
the exhaust flow. Thus, the fuel adhered to a distal, up-
stream portion of each exhaust purifying member tends
to be hardly heated to the temperature sufficiently high
for causing the. fuel to be oxidized or combusted. In some
cases, the additive remains adhered to the’distal portion
of the fuel purifying member and becomes a binder. The
additive thus adsorbs particulate matter from exhaust,
clogging the NOx storage reduction catalyst 31 or the
DPNR catalyst 32.

[0029] Further, in the embodiment, the NOx storage
reduction catalyst 31 is arranged upstream of the DPNR
catalyst 32 with respect to the exhaust flow, clogging may
occur particularly at a distal portion of the NOx storage
reduction catalyst 31. The embodiment thus includes di-
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agnosis means for diagnosing the clogging state of the
NOx storage reduction catalyst 31. More specifically, dis-
tal portion regeneration is performed for diagnosing the
clogging state of the NOx storage reduction catalyst 31
and lowering the clogging degree.

[0030] Fig. 3 shows the principles of such diagnosis.
In other words, Fig. 3 shows variation of the first exhaust
temperature Thi and that of the second exhaust temper-
ature Tho when the fuel injection is performed through
the injection nozzle 5 with the engine operated in a certain
operational state.

[0031] If the NOx storage reduction catalyst 31 is free
from collected matter such as deposit, or free from clog-
ging, the fuel injected by the injection nozzle 5 is sent to
and combusted in the NOx storage reduction catalyst 31
together with exhaust gas. The exhaust temperature at
the exit of the NOx storage reduction catalyst 31, or the
first exhaust temperature Thi detected by the first tem-
perature sensor 33, is thus heated. The exhaust gas ex-
iting the NOx storage reduction catalyst 31 is further heat-
ed through exhaust purification of the DPNR catalyst 32
when passing through the catalyst 32. The second ex-
haust temperature Tho detected by the second temper-
ature sensor 34 is thus higher than the first exhaust tem-
perature Thi.

[0032] If the amount of collected matter in the NOx
storage reduction catalyst 31 starts to increase at time
t1, the clogging degree of the catalyst 31 starts to become
larger. This decreases the communication area for ex-
haust gasin the NOx storage reduction catalyst 31. Some
of the fuel thus exits the catalyst 31 without being com-
busted. Therefore, as the clogging degree of the NOXx
storage reduction catalyst 31 becomes larger, the ex-
haust temperature at the exit of the catalyst 31 (the first
exhaust temperature Thi) becomes lower. However, the
fuel exiting the catalyst 31 without being combusted is
combusted when passing through the DPNR catalyst 32.
Thus, as the clogging degree of the NOx storage reduc-
tion catalyst 31 becomes larger, the exhaust temperature
downstream of the DPNR catalyst 32 (the second ex-
haust temperature Tho), which is located downstream of
the catalyst 31, becomes higher. Accordingly, if the NOx
storage reduction catalyst 31 is clogged, a temperature
difference AT between the exhaust temperature down-
stream of the catalyst 31 (the first exhaust temperature
Thi), or the exhaust temperature upstream of the DPNR
catalyst 32, and the exhaust temperature downstream of
the DPNR catalyst 32 (the second.exhaust temperature
Tho) becomes greater. Itis thus possible to use the tem-
perature difference AT as an indicator of the clogging
degree of the NOx storage reduction catalyst 31.
[0033] Even if the exhaust temperature in the exhaust
passage 26 is varied depending on the engine operation-
al state, the second exhaust temperature Tho changes
in a manner corresponding to the first exhaust tempera-
ture Thi. Thus, the temperature difference AT is essen-
tially unaffected by the variation of the exhaust temper-
ature depending on the engine operational state. Accord-
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ingly, by using the temperature difference AT as the in-
dicator of the clogging degree of the NOx storage reduc-
tion catalyst 31, the clogging state of the catalyst 31 is
diagnosed reliably, regardless of the exhaust tempera-
ture variation in the exhaust passage 26 depending on
the engine operational state.

[0034] In the embodiment, the exhaust temperature
control procedure is performed such that the second ex-
haust temperature Tho is adjusted to a certain value cor-
responding to the engine operational state. Therefore,
when the NOx storage reduction catalyst 31 is clogged,
the first exhaust temperature Thi and the second exhaust
temperature Tho are varied as indicated by Fig. 4. In Fig.
4, the dotted lines indicate variations of the first and sec-
ond exhaust temperatures Thi, Tho when the exhaust
temperature control procedure is not performed (corre-
sponding to the exhaust temperature variations indicated
in Fig. 3).

[0035] As has been described, when the amount of
collected matter in the NOXx storage reduction catalyst 31
starts to increase at time t1 such that the clogging degree
of the catalyst 31 becomes greater, the second exhaust
temperature Tho starts to rise gradually (as indicated by
the corresponding dotted line in Fig. 4). As the second
exhausttemperature Tho becomes higher, the difference
between the target exhaust temperature PT and the sec-
ond exhaust temperature Tho becomes larger. There-
fore, the amount of fuel injected by the injection nozzle
5 is decreased, such that the second exhaust tempera-
ture Tho is maintained at the target exhaust temperature
PT corresponding to the current engine operational state.
In contrast, when the amount of collected matter in the
NOx storage reduction catalyst 31 starts to increase at
time t1 such that the clogging degree of the catalyst 31
becomes greater, the first exhaust temperature Thi starts
to decrease gradually. However, since the fuel injection
amount is reduced as aforementioned, the amount of the
fuel combusted in the NOx storage reduction catalyst 31
is also decreased. The heat generated through the fuel
combustion is thus reduced. Therefore, the first exhaust
temperature Thi with the NOXx storage reduction catalyst
31 clogged is lower than the first exhaust temperature
Thi when the exhaust temperature control procedure is
not performed (as indicated by the corresponding dotted
line in Fig. 4). That is, even if the second exhaust tem-
perature Tho is controlled to a substantially constant val-
ue through the exhaust temperature control procedure,
the first exhaust temperature Thi is lowered in corre-
spondence with the clogging degree of the NOx storage
reduction catalyst 31. In other words, regardless of the
exhaust temperature control procedure, the temperature
difference AT is varied in correspondence with the clog-
ging degree of the catalyst 31. Accordingly, even when
the exhaust temperature control procedure is performed,
the clogging degree of the NOx storage reduction catalyst
31 can be diagnosed based on the temperature differ-
ence AT.

[0036] Fig. 5 indicates the distal portion regeneration
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using the principles of such clogging state diagnosis. The
procedure is repeatedly executed by the controller 25 at
predetermined time intervals under the condition that fuel
injection is performed through the injection nozzle 5.
[0037] First, the first exhaust temperature Thi and the
second exhaust temperature Tho are read by the con-
troller 25 (in step S210). The temperature difference AT
between the first exhaust temperature Thi and the sec-
ond exhaust temperature Tho (AT = Tho - Thi) is then
computed (in step S220).

[0038] Subsequently, it is determined whether or not
the temperature difference AT is equal to or greater than
a clogging determination value o (in step S230). The
clogging determination value o is used for determining
whether or not the NOx storage reduction catalyst 31 is
clogged and set to a predetermined value exceeding the
temperature difference AT at which the catalyst 31 is not
clogged. If it is determined that the temperature differ-
ence AT is smaller than the clogging determination value
o (step S230: NO), the controller 25 determines that the
current temperature difference AT is relatively small and
thus the clogging degree of the NOx storage reduction
catalyst 31 is relatively low, or the catalyst 31 is not
clogged. The procedure is then suspended.

[0039] In contrast, if it is determined that the temper-
ature difference AT is equal to or greater than the clogging
determination value a (step S230: YES), the controller
25 determines that the current temperature difference AT
is relatively great and thus the clogging degree of the
NOx storage reduction catalyst 31 is relatively high, or
the catalyst 31is clogged. Therefore, in order to decrease
the amount of collected matter in the catalyst 31, the
cause of clogging, a temperature increase process of the
NOx storage reduction catalyst 31 is executed (in step
S240). The temperature increase process corresponds
to a heating means. More specifically, the temperature
increase process is performed in the following manner.
[0040] First, a certain amount of fuel needed for regen-
eration of the distal portion of the catalyst 31 is injected
by the injection nozzle 5. The fuel is then combusted in
the NOx storage reduction catalyst 31. At this stage, if
the temperature of the catalyst 31 is excessively low, the
injected fuel may promote clogging of the NOx storage
reduction catalyst 31. Thus, the exhaust flow is de-
creased through adjustment of an engine control amount.
More specifically, if the exhaust flow is decreased, the
flow rate of the exhaust gas passing through the NOx
storage reduction catalyst 31 is also reduced. This ex-
tends the time for purifying the exhaust gas in the catalyst
31. The reactive heat generated through purification is
thus increased such that the NOx storage reduction cat-
alyst 31 is heated effectively. Accordingly, adhesion of
the injected fuel is suppressed and combustion of the
fuel is promoted, ensuring the catalyst 31 to be heated.
This burns out the collected matter in the NOx storage
reduction catalyst 31 and reduces the amount of collect-
ed matter.

[0041] Further, the aforementioned adjustment of the
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engine control amount includes at least one of the fol-
lowings: temporarily decreasing the opening degree of
the throttle valve 16 for adjusting the intake air amount;
temporarily decreasing the opening degree of the EGR
valve 15 for adjusting the EGR amount; and temporarily
decreasing the opening degree of the exhaust throttle
valve 40 for adjusting the exhaust flow. Through such
adjustment of the engine control amount, the actual ex-
haust flow can be lowered.

[0042] Next, it is determined whether or not the tem-
perature difference AT is equal to or smaller than a clog-
ging-free determination value f (in step S250). The clog-
ging-free determination value B is used for determining
whether or not the NOx storage reduction catalyst 31 is
free from clogging. In the embodiment, the clogging-free
determination value B is set to a predetermined value
corresponding to the temperature difference AT at which
the NOx storage reduction catalyst 31 is not clogged. By
setting the clogging-free determination value f3 to a value
smaller than at least the clogging determination value o,
at least lowering of the clogging degree can be diag-
nosed.

[0043] If the temperature difference AT is determined
to be larger than the clogging-free determination value 3
(step S250: NO), the procedure of step S240 is contin-
ued. In other words, the temperature increase process
of the NOx storage reduction catalyst 31 is continuously
performed.

[0044] In contrast, if the temperature difference AT is
determined to be equal to or smaller than the clogging-
free determination value B (step S250: YES), it is deter-
mined that the amount of collected matter in the NOx
storage reduction catalyst 31 has been reduced suffi-
ciently by the temperature increase process, or the cat-
alyst 31 has been freed from clogging. The temperature
increase process is thus ended (in step S260) and the
procedure of Fig. 5 is ended.

[0045] In accordance with the above-described distal
portion regeneration, the clogging state of the NOx stor-
age reduction catalyst 31 is diagnosed and the clogging
degree thereof is lowered.

[0046] The embodimenthas the following advantages.

(1) In response to the fuel supply, the temperature
difference AT between the first exhaust temperature
Thi, the exhaust temperature at the exit of the NOx
storage reduction catalyst 31, and the second ex-
haust temperature Tho, the exhaust temperature at
the exit of the DPNR catalyst 32 located downstream
of the catalyst 31, is computed. The temperature dif-
ference AT is used as the indicator of the clogging
degree of the NOx storage reduction catalyst 31. It
is thus possible to reliably diagnose the clogging
state of the catalyst 31.

Even if the exhaust temperature in the exhaust pas-
sage 26 is varied depending on the engine opera-
tional state, the second exhaust temperature Tho
changes in correspondence with the first exhaust
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temperature Thi. The temperature difference AT is
thus hardly affected by the variation of the exhaust
temperature depending on the engine operational
state. Accordingly, by diagnosing the clogging state
of the NOx storage reduction catalyst 31 based on
the temperature difference AT, the diagnosis is reli-
ably accomplished regardless of such variation of
the exhaust temperature.

(2) The amount of the fuel injected by the injection
nozzle 5 is adjusted such that the second exhaust
temperature Tho corresponds to the target exhaust
temperature PT. The temperature of the DPNR cat-
alyst 32 is thus reliably controlled.

(3) As the second exhaust temperature Tho be-
comes higher than the target exhaust temperature
PT, the fuel injection amount is decreased. Accord-
ingly, excessive heating of the DPNR catalyst 32 is
reliably suppressed.

(4) If it is determined that the NOx storage reduction
catalyst 31 is clogged based on the above-described
diagnosis, the temperature increase process of the
catalyst 31 is executed. This lowers the clogging de-
gree of the NOx storage reduction catalyst 31. Since
the clogging state of the NOx storage reduction cat-
alyst 31 is reliably diagnosed in the embodiment, de-
termination whether or not to perform the tempera-
ture increase process is carried out in an appropriate
manner.

(5) In the temperature increase process, at least one
of the opening degree of the throttle valve 16 for ad-
justing’ the intake air amount, the opening degree of
the EGR (exhaust gas recirculation) valve 15 for ad-
justing the EGR amount, and the opening degree of
the exhaust throttle valve 40 is adjusted as the en-
gine control amount, such that the exhaust flow rate
is reduced. This extends the time for purifying the
exhaust gas in the NOx storage reduction catalyst
31, and the reactive heat generated through purifi-
cation is increased. The NOx storage reduction cat-
alyst 31 is thus heated effectively.

(6) The fuel is injected by the additive supply mech-
anism disposed in the exhaust passage 26, which is
the injection nozzle 5. The fuel is thus reliably sup-
plied to the NOx storage reduction catalyst 31 and
the DPNR catalyst 32 as the additive.

(7) The DPNR catalyst 32 functions as a filter for
collecting particulate matter from exhaust gas, as
well as a NOx catalyst for removing NOx in the ex-
haust gas. Thus, in many cases, additive is added
to the DPNR catalyst 32 in order to burn out the col-
lected particulate matter or reducing and releasing
the absorbed NOx and the like. Since the NOx stor-
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age reduction catalyst 31 is located upstream of the
DPNR catalyst 32 with respect to the exhaust flow
and the temperature of the NOx storage reduction
catalyst 31 is lower than that of the DPNR catalyst
32, the NOx storage reduction catalyst 31 is suscep-
tive to clogging. However, in the embodiment, the
clogging state of the catalyst 31 is reliably diagnosed
and the clogging degree thereof is reduced by the
temperature increase process.

[0047] An exhaust purifying apparatus for an engine
not according to the present invention will now be de-
scribed with reference to Fig. 6.

[0048] In the embodiment, the clogging state of the
NOx storage reduction catalyst 31 is diagnosed based
on the temperature difference AT between the first ex-
haust temperature Thi and the second exhaust temper-
ature Tho. As has been described, the first exhaust tem-
perature Thi is lowered when the NOx storage reduction
catalyst 31 is clogged, as compared to when the catalyst
31 is not clogged. It is thus determined that the clogging
degree of the catalyst 31 becomes greater as the lower-
ing amount of the first exhaust temperature Thi becomes
larger. Therefore, notaccording to the invention, the clog-
ging state of the NOx storage reduction catalyst 31 is
diagnosed based on the first exhaust temperature Thi,
rather than the temperature difference AT.

[0049] Fig. 6 shows a distal portion regeneration of the
second embodiment. The procedure of Fig. 6 is repeat-
edly executed by the controller 25 at predetermined time
intervals under the condition that the fuel supply through
the injection nozzle 5 is conducted.

[0050] First, the first exhaust temperature Thi is read
by the controller 25 (in step S310). Next, it is determined
whether or not the first exhaust temperature Thi is equal
to or lower than a clogging determination value A (in step
S320). The clogging determination value A is used for
determining whether or not the NOx storage reduction
catalyst 31 is clogged and is set to a predetermined value
lower than the first exhaust temperature Thi at which the
catalyst 31 is free from clogging. If the first exhaust tem-
perature Thiis determined to be greater than the clogging
determination value A (step S320: NO), it is determined
that the current first exhaust temperature Thi is relatively
high and thus the clogging degree of the NOx storage
reduction catalyst 31 is relatively low. That is, it is deter-
mined that the NOx storage reduction catalyst 31 is free
from clogging. The procedure is thus ended.

[0051] In contrast, if the first exhaust temperature Thi
is determined to be equal to or lower than the clogging
determination value A (step S320: YES), itis determined
that the current first exhaust temperature Thi is relatively
low and thus the clogging degree of the NOx storage
reduction catalyst 31 is relatively high. That is, it is diag-
nosed that the NOx storage reduction catalyst 31 is
clogged. Therefore, in order to reduce the amount of col-
lected matter, the cause of clogging of the catalyst 31, a
temperature increase process of the NOx storage reduc-
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tion catalyst 31 is executed (in step S330). The temper-
ature increase process is carried out in the same manner
as the temperature increase process in step S240 of the
distal portion regeneration of the embodiment.

[0052] Subsequently, it is determined whether or not
the first exhaust temperature Thi is equal to or higher
than a clogging-free determination value B (in step
S340). The clogging-free determination value B is used
for determining whether or not the NOx storage reduction
catalyst 31 is free from clogging. The clogging-free de-
termination value B is set to a predetermined value cor-
responding to the first exhaust temperature Thi at which
the catalyst 31 is free from clogging. By setting.the clog-
ging-free determination value B to a value larger than at
leastthe clogging determination value A, atleastlowering
of the clogging degree can be diagnosed.

[0053] Ifthe first exhaust temperature Thiis lower than
the clogging-free determination value B (step S340: NO),
the procedure of step 330 is continued. In other words,
the temperature increase process of the NOx storage
reduction catalyst 31 is continuously carried out.

[0054] In contrast, if the first exhaust temperature Thi
is determined to be equal to or higher than the clogging-
free determination value B (step S340: YES), it is diag-
nosed that the amount of collected matter in the NOx
storage reduction catalyst 31 has been sufficiently de-
creased, or the catalyst 31 has been freed from clogging.
The temperature increase process of the catalyst 31 is
thus ended (in step S350) and the procedure of Fig. 6 is
ended.

[0055] In accordance with the above-described distal
portion regeneration, the clogging state of the NOx stor-
age reduction catalyst 31 is diagnosed and the clogging
degree thereof is lowered.

[0056] Further, in a similar manner, it is possible to
diagnose the clogging state of the DPNR catalyst 32 and
lower the clogging degree thereof based on the second
exhaust temperature Tho.

[0057] Also, the clogging state of the NOx storage re-
duction catalyst 31 can be reliably diagnosed.

[0058] Theillustrated embodiment may be modified as
follows.

[0059] In the embodiment, the exhaust temperature
control procedure of Fig. 2 may be omitted. Also in this
case, as the clogging degree of the NOx storage reduc-
tion catalyst 31 becomes higher, the temperature differ-
ence AT becomes greater and the first exhaust temper-
ature Thi becomes lower, as indicated by Fig. 4. Itis thus
possible to reliably diagnose the clogging state of the
NOx storage reduction catalyst 31.

[0060] In the illustrated embodiment, it is determined
whether or not to perform the temperature increase proc-
ess depending on the diagnosis of the clogging state of
the exhaust purifying member. Such diagnosis may be
used in different suitable manners. For example, in cor-
respondence with the diagnosis that the exhaust purify-
ing member is clogged, a warning lamp visible to the
driver may be turned on. It is also possible to omit the
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temperature increase process while ensuring at least the
clogging state diagnosis of the exhaust purifying member
to be reliably carried out.

[0061] In the embodiment, the clogging degree of the
NOx storage reduction catalyst 31 is estimated based on
the temperature difference AT. More specifically, as il-
lustrated in Fig. 7, it is determined that the clogging de-
gree becomes higher as the temperature difference AT
becomes greater.

[0062] Notaccording to the invention, the clogging de-
gree of the NOx storage reduction catalyst 31 may be
estimated based on the first exhaust temperature Thi.
More specifically, as illustrated in Fig. 8, it may be deter-
mined that the clogging degree becomes higher as the
first exhaust temperature Thi becomes lower.

[0063] Ashasbeendescribed, itis possible to estimate
the clogging degree of the NOx storage reduction catalyst
31 in the first embodiment. In correspondence with the
estimation, the heating amount of the catalyst 31 in the
temperature increase process may be set. For example,
as the estimated clogging degree becomes higher, the
fuel supply for regenerating the distal portion of the cat-
alyst 31 may be increased or the exhaust flow may be
reduced. In this manner, the NOx storage reduction cat-
alyst 31 may be efficiently heated, thus achieving the
distal portion regeneration efficiently.

[0064] In the embodiment, the clogging determination
value oo and the clogging-free determination value § may
be variably selected in correspondence with the engine
operational state, for example, the engine load. In this
case, even if the temperature difference AT at which the
NOx storage reduction catalyst 31 is free from clogging
is varied depending on the engine operational state, the
clogging and clogging-free determination values o, B are
varied in correspondence with such variation. The diag-
nosis accuracy of the clogging state of the catalyst 31 is
thus improved.

[0065] The first exhaust temperature Thi is varied also
depending on the engine operational state. Therefore,
not according to the invention, the clogging state diag-
nosis of the NOx storage reduction catalyst 31 may be
based on the difference between a reference tempera-
ture varied depending on the engine operational state
and the first exhaust temperature Thi. For example, if the
difference between the reference temperature and the
first exhaust temperature Thi is equal to or greater than
a predetermined value, it may be diagnosed that the NOx
storage reduction catalyst 31 is clogged. In this case, the
changing amount of the exhaust temperature caused by
such clogging can be reliably acquired, making it possible
to diagnose the clogging state of the catalyst 31 further
reliably.

[0066] Further, ifthe diagnosis is based on the fact that
the clogging degree of the catalyst 31 is gradually height-
ened as the difference between the reference tempera-
ture and the first exhaust temperature Thi is increased,
the clogging degree of the catalyst 31 is also reliably di-
agnosed.
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[0067] Also, the clogging determination value A and
the clogging-free determination value B may be varied
according to the engine operational state, for example,
the engine load.

[0068] Inthe illustrated embodiment and the modifica-
tions thereof, the number of the exhaust purifying mem-
bers arranged in the exhaust passage 26, for example,
in the catalytic device 30, may be changed as needed.
If three or more exhaust purifying members are provided,
the second temperature sensor 34 may be located at any
desired position, as long as the second temperature sen-
sor 34 is located downstream of the exhaust purifying
member downstream of the first temperature sensor 33.
[0069] In the illustrated embodiment and the modifica-
tions thereof, the type of the exhaust purifying members
arranged in the exhaust passage 26, for example, in the
catalytic device 30, may be changed as needed. For ex-
ample, the DPNR catalyst 32 may be changed to an ex-
haust purifying member functioning only as a DPF (Diesel
Particulate Filter), which is a PM filter for collecting par-
ticulate matter from exhaust gas. Further, if different
types of exhaust purifying members are disposed in the
catalytic device 30, the arrangement of the exhaust pu-
rifying members with respect to the exhaust flow may be
selected as desired. For example, in the embodiment,
the DPNR catalyst 32 may be located upstream of the
NOx storage reduction catalyst 31 in the catalytic device
30 with respect to the exhaust flow. This arrangement
makes it possible to diagnose the clogging state of the
DPNR catalyst 32. Alternatively, the aforementioned
DPF may be arranged upstream of the NOx storage re-
duction catalyst 31 with respect to the exhaust flow. This
arrangement makes it possible to diagnose the clogging
state of the DPF.

[0070] The diagnosis procedure that has been ex-
plained not according to the invention may be applied to
the case in which a single exhaust purifying member is
deployed in the exhaust passage 26.

[0071] Inthe illustrated embodiment and the modifica-
tions thereof, engine fuel is employed as additive. How-
ever, as long as the same operation can be obtained,
any suitable additive may be employed.

[0072] Inthe illustrated embodiment and the modifica-
tions thereof, the injection nozzle 5 may be arranged at
any desired position, as long as the injection nozzle 5 is
located upstream of the catalytic device 30 with respect
to the exhaust flow.

[0073] The additive supply means may correspond to
an injection timing control procedure for carrying out post
injection by controlling the injection timing of the fuel in-
jection nozzles, which supply fuel to the combustion
chambers. The postinjection is a fuel injection performed
at a timing greatly retarded from the main injection (which
is performed at timing close to the top dead center of
compression and in correspondence with a fuel amount
substantially corresponding to the engine load). In this
case, some of the fuel corresponding to the post injection
is combusted at a timing slightly retarded from that of the
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fuel corresponding to the main injection, which is per-
formed prior to the post injection. This raises the exhaust
temperature. Also, the non-combusted remainder of the
fuel corresponding to the post injection is introduced into
the exhaust passage 26 together with exhaust gas. The
fuel is then supplied to the exhaust purifying members
as additive. Accordingly, additive is supplied to the ex-
haust purifying member through the post injection. Fur-
ther, the postinjection and the fuel injection by the above-
described additive supply mechanism may be executed
at the same timings.

[0074] The present examples and embodiment are to
be considered as illustrative and not restrictive and the
invention is not to be limited to the details given herein,
but may be modified within the scope of the appended
claims.

Claims

1. An exhaust purifying apparatus for an internal com-
bustion engine (1), the apparatus having a first ex-
haust purifying member (31) located in an exhaust
passage (26) at a relatively upstream position with
respect to the exhaust flow, a second exhaust puri-
fying member (32) located downstream of the first
exhaust purifying member (31) with respect to the
exhaust flow and additive supply means (5) for sup-
plying additive to the first exhaust purifying member
(31),
the apparatus being characterized by:

a first temperature sensor (33), located down-
stream of the first exhaust purifying member (31)
with respect to the exhaust flow, the first tem-
perature sensor (33) detects the temperature
(Thi) of exhaust gas at an exit of the first exhaust
purifying member (31);

diagnosis means (25) for diagnosing the state
of clogging of the first exhaust purifying member
(31) based on an exhaust temperature (Thi) that
is detected by the first temperature sensor (33)
when the additive is supplied to the first exhaust
purifying member (31); and

a second temperature sensor (34) located
downstream of the second exhaust purifying
member (32) with respect to the exhaust flow,
the second temperature sensor (34) detects the
temperature (Tho) of exhaust gas at an exit of
the second exhaust purifying member (32);

wherein the diagnosis means (25) diagnoses the
state of clogging of the first exhaust purifying mem-
ber (31) based on a difference (AT) between exhaust
temperatures (Thi, Tho) that are detected by the first
and second temperature sensors (33, 34) when the
additive is supplied to the first exhaust purifying
member (31).
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2,

The apparatus according to claim 1, characterized
in that the lower an exhaust temperature (Thi) that
is detected by the first temperature sensor (33) when
the additive is supplied to the first exhaust purifying
member (31), the higher the degree of clogging of
the first exhaust purifying member (31) determined
by the diagnosis means (25).

The apparatus according to claim 1, characterized
in that the greater the difference between the ex-
haust temperatures (Thi, Tho), the higher the degree
of clogging of the first exhaust purifying member (31)
determined by the diagnosis means (25).

The apparatus according to claim 1 or 3, character-
ized by exhausttemperature control means (25) that
adjusts the amount of the additive that is supplied to
the first exhaust purifying member (31) by the addi-
tive supply means (5), such that an exhaust temper-
ature (Tho) that is detected by the second tempera-
ture sensor (34) when the additive is supplied to the
first exhaust purifying member (31) seeks a target
exhaust temperature (PT) that is varied depending
on the operational state of the engine (1).

The apparatus according to claim 4 characterized
in that the higher an exhaust temperature (Tho) that
is detected by the second temperature sensor (34)
when the additive is supplied to the first exhaust pu-
rifying member (31) compared to the target exhaust
temperature (PT), the less the amount of additive
that is supplied to the first exhaust purifying member
(31) by the additive supply means (5).

The apparatus according to any one of claims 1 to
5, characterized by heating means that increases
the temperature of the first exhaust purifying member
(31) thereby decreasing the amount of collected mat-
ter on thefirst exhaust purifying member (31), where-
in the apparatus determines whether the tempera-
ture of the first exhaust purifying member (31) should
be increased by the heating means based on the
diagnosis of the first exhaust purifying member (31)
by the diagnosis means (25).

The apparatus according to claim 6, characterized
in that the heating means sets the degree of tem-
perature increase of the first exhaust purifying mem-
ber (31) according to the diagnosis of the first ex-
haust purifying member (31) by the diagnosis means
(25).

The apparatus according to claim 6 or 7, character-
ized in that, when increasing the temperature of the
first exhaust purifying member (31), the heating
means simultaneously decreases the flow rate of ex-
haust gas through adjustment of an engine control
amount.
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The apparatus according to claim 8, characterized
in that the engine control amount is at least one of
the opening degree of a throttle valve (16) for adjust-
ing the amount of intake air, the opening degree of
an exhaust gas recirculation valve (15) for adjusting
the amount of recirculated exhaust gas, and the
opening degree of an exhaust throttle valve (40) for
adjusting the flow rate of exhaust gas.

The apparatus according to any one of claims 1 to
9, characterized in that the additive supply means
(5) is an additive supply mechanism located in the
exhaust passage (26).

The apparatus according to any one of claims 1 to
10, characterized in that the additive supply means
(5) causes a fuel injection valve for supplying fuel to
an engine combustion chamber to perform post in-
jection, thereby supplying the additive to the first ex-
haust purifying member (31).

The apparatus according to any one of claims 1 to
13, characterized in that the first exhaust purifying
member (31) includes a NOx catalyst that removes
nitrogen oxides in exhaust gas.

The apparatus according to any one of claims 1 to
14, characterized in that the first exhaust purifying
member (31) includes a filter for trapping particulate
matter in exhaust gas.

Patentanspriiche

1.

Abgasreinigungsvorrichtung fir einen Verbren-
nungsmotor (1), wobei die Vorrichtung ein erstes Ab-
gasreinigungselement (31), das in einer Abgaslei-
tung (26) an einer in Bezug auf die Abgasstromung
verhaltnismaRig stromauf befindlichen Position an-
geordnet ist, ein zweites Abgasreinigungselement
(32), das in Bezug auf die Abgasstrémung stromab-
warts des ersten Abgasreinigungselements (31) an-
geordnet ist, und eine Additivzuflihreinrichtung (5)
zum Zuflihren eines Additivs zu dem ersten Abgas-
reinigungselement (31) aufweist,

wobei die Vorrichtung gekennzeichnet ist durch:

einen ersten Temperatursensor (33), der in Be-
zug auf die Abgasstrdmung stromabwarts des
ersten Abgasreinigungselements (31) angeord-
net ist, wobei der erste Temperatursensor (33)
die Temperatur (Thi) des Abgases an einem
Ausgang des ersten Abgasreinigungselements
(31) erfasst;

eine Diagnoseeinrichtung (25) zum Diagnosti-
zieren des Zustands einer Verstopfung des er-
sten Abgasreinigungselements (31), basierend
auf einer durch den ersten Temperatursensor
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(33) erfassten Abgastemperatur (Thi), wenn
dem ersten Abgasreinigungselement (31) das
Additiv zugefihrt wird; und

einen zweiten Temperatursensor (34), der in
Bezug auf die Abgasstrémung stromabwarts
des zweiten Abgasreinigungselements (32) an-
geordnet ist, wobei der zweite Temperatursen-
sor (34) die Temperatur (Tho) des Abgases an
einem Ausgang des zweiten Abgasreinigungs-
elements (32) erfasst;

wobei die Diagnoseeinrichtung (25) den Zustand der
Verstopfung des ersten Abgasreinigungselements
(31) basierend auf einer Differenz (AT) zwischen den
Abgastemperaturen (Thi, Tho), die durch den ersten
und den zweiten Temperatursensor (33, 34) erfasst
werden, diagnostiziert, wenn dem ersten Abgasrei-
nigungselement (31) das Additiv zugefiihrt wird.

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass, je niedriger eine durch den ersten
Temperatursensor (33) erfasste Abgastemperatur
(Thi) ist, wenn dem ersten Abgasreinigungselement
(31) das Additiv zugefiihrt wird, desto hoher ist der
durch die Diagnoseeinrichtung (25) bestimmte Grad
der Verstopfung des ersten Abgasreinigungsele-
ments (31).

Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, dass, je groRer die Differenz zwischen
den Abgastemperaturen (Thi, Tho) ist, desto héher
ist der durch die Diagnoseeinrichtung (25) bestimm-
te Grad der Verstopfung des ersten Abgasreini-
gungselements (31).

Vorrichtung nach Anspruch 1 oder 3, gekennzeich-
net durch eine Abgastemperatursteuereinrichtung
(25), die die Menge des Additivs einstellt, die dem
ersten Abgasreinigungselement (31) durch die Ad-
ditivzufiihreinrichtung (5) zugefihrt wird, so dass ei-
ne durch den zweiten Temperatursensor (34) erfas-
ste Abgastemperatur (Tho), wenn das Additiv dem
ersten Abgasreinigungselement (31) zugefiihrt wird,
eine Soll-Abgastemperatur (PT) zu erreichen sucht,
die in Abhangigkeit vom Betriebszustand des Motors
(1) variiert wird.

Vorrichtung nach Anspruch 4, dadurch gekenn-
zeichnet, dass, je hoher eine durch den zweiten
Temperatursensor (34) erfasste Abgastemperatur
(Tho), wenn das Additiv dem ersten Abgasreini-
gungselement (31) zugefihrt wird, im Vergleich zur
Soll-Abgastemperatur (PT) ist, desto geringer ist die
Menge des Additivs, das dem ersten Abgasreini-
gungselement (31) durch die Additivzufahreinrich-
tung (5) zugefihrt wird.

Vorrichtung nach einem der Anspriiche 1 bis 5, ge-
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kennzeichnet durch eine Heizeinrichtung, die die
Temperatur des ersten Abgasreinigungselements
(31) erhéht, wodurch die Menge der angesammelten
Partikel auf dem ersten Abgasreinigungselement
(31) verringert wird, wobei die Vorrichtung basierend
auf der Diagnose des ersten Abgasreinigungsele-
ments (31) durch die Diagnoseeinrichtung (25) be-
stimmt, ob die Temperatur des ersten Abgasreini-
gungselements (31) durch die Heizeinrichtung er-
hoéht werden soll.

Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dass die Heizeinrichtung den Grad des
Temperaturanstiegs des ersten Abgasreinigungs-
elements (31) geman der Diagnose des ersten Ab-
gasreinigungselements (31) durch die Diagnoseein-
richtung (25) einstellt.

Vorrichtung nach Anspruch 6 oder 7, dadurch ge-
kennzeichnet, dass, wenn die Temperatur des er-
sten Abgasreinigungselements (31) erhoht wird, die
Heizeinrichtung gleichzeitig die Strémungsrate des
Abgases durch Einstellen eines Motorsteuerungs-
betrags verringert.

Vorrichtung nach Anspruch 8, dadurch gekenn-
zeichnet, dass es sich bei dem Motorsteuerungs-
betrag um zumindest den Offnungsgrad eines Dros-
selklappenventils (16) zum Einstellen der Saugluft-
menge, den Offnungsgrad eines Abgasriickfiihrven-
tils (15) zum Einstellen der Menge eines riickgefiihr-
ten Abgases und/oder um den Offnungsgrad eines
Abgasdrosselklappenventils (40) zum Einstellen der
Strédmungsrate des Abgases handelt.

Vorrichtung nach einem der Anspriiche 1 bis 9, da-
durch gekennzeichnet, dass es sich bei Additiv-
zufiihreinrichtung (5) um einen Additivzufizhrmecha-
nismus handelt, der in der Abgasleitung (26) ange-
ordnet ist.

Vorrichtung nach einem der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dass die Additivzufiihrein-
richtung (5) bewirkt, dass ein Kraftstoffeinspritzventil
einem Motorverbrennungsraum einen Kraftstoff
zum Ausrihren einer Nacheinspritzung zufiihrt, wo-
durch das Additiv dem ersten Abgasreinigungsele-
ment (31) zugefiihrt wird.

Vorrichtung nach einem der Anspriiche 1 bis 13, da-
durch gekennzeichnet, dass das erste Abgasrei-
nigungselement (31) einen NOx-Katalysator be-
inhaltet, der die Stickoxide im Abgas entfernt.

Vorrichtung nach einem der Anspriche 1 bis 14, da-
durch gekennzeichnet, dass das erste Abgasrei-
nigungselement (31) einen Filter zum Einfangen der
Partikel im Abgas beinhaltet.
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Revendications

Dispositif de purification d’échappement pour un mo-
teur a combustion interne (1), le dispositif ayant un
premier élément de purification d’échappement (31)
disposé dans un passage d’échappement (26) dans
une position relativement en amont par rapport a
I’écoulement d’échappement, un deuxiéme élément
de purification d’échappement (32) disposé en aval
du premier élément de purification d’échappement
(31) par rapport a I’écoulement d’échappement et
des moyens d’alimentation en additif (5) destinés a
délivrer un additif au premier élément de purification
d’échappement (31), le dispositif étant caractérisé
par:

un premier capteur de température (33), dispo-
sé en aval du premier élément de purification
d’échappement (31) par rapport a I'écoulement
d’échappement, le premier capteur de tempé-
rature (33) détectant la température (Thi) du gaz
d’échappement au niveau d’une sortie du pre-
mier élément de purification d’échappement
(31);

des moyens de diagnostic (25) destinés a dia-
gnostiquer I'état de colmatage du premier élé-
ment de purification d’échappement (31) sur la
base d'une température d’échappement (Thi)
qui est détectée par le premier capteur de tem-
pérature (33) quand I'additif est délivré au pre-
mier élément de purification d’échappement
(31); et

un deuxiéme capteur de température (34) dis-
posé en aval du deuxiéme élément de purifica-
tion d’échappement (32) par rapport a I'écoule-
ment d’échappement, le deuxiéme capteur de
température (34) détectant la température (Tho)
du gaz d’échappement au niveau d’une sortie
du deuxiéme élément de purification d’échap-
pement (32) ;

les moyens de diagnostic (25) diagnostiquant
I'état de colmatage du premier élément de pu-
rification d’échappement (31) sur la base d’'une
différence (AT) entre des températures d’échap-
pement (Thi, Tho) quisont détectées parles pre-
mier et deuxiéme capteurs de température (33,
34) quand I'additif est délivré au premier élément
de purification d’échappement (31).

Dispositif selon revendication 1, caractérisé en ce
que, plus une température d’échappement (Thi) qui
est détectée par le premier capteur de température
(33) quand I'additif est délivré au premier élément
de purification d’échappement (31) est basse, plus
le degré de colmatage du premier élément de puri-
fication d’échappement (31) déterminé par les
moyens de diagnostic (25) est élevé.
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Dispositif selon la revendication 1, caractérisé en
ce que, plus la différence entre les températures
d’échappement (Thi, Tho) est grande, plus le degré
de colmatage du premier élément de purification
d’échappement (31) déterminé par les moyens de
diagnostic (25) est élevé.

Dispositif selon la revendication 1 ou 3, caractérisé
par des moyens de commande de température
d’échappement (25) qui ajustent la quantité de I'ad-
ditif qui est délivré au premier élément de purification
d’échappement (31) par les moyens d’alimentation
en additif (5), de telle sorte qu’'une température
d’échappement (Tho) qui est détectée par le deuxie-
me capteur de température (34) quand I'additif est
délivré au premier élément de purification d’échap-
pement (31) cherche a atteindre une température
d’échappement de cible (PT) qui est modifiée en
fonction de I'état opérationnel du moteur (1).

Dispositif selon revendication 4, caractérisé en ce
que, plus la température d’échappement (Tho) qui
estdétectée parle deuxieme capteur de température
(34) quand I'additif est délivré au premier élément
de purification d’échappement (31) comparée a la
température d’échappement de cible (PT) est éle-
vée, plus la quantité d’additif qui est délivré au pre-
mier élément de purification d’échappement (31) par
les moyens d’alimentation en additif (5) est faible.

Dispositif selon 'une quelconque des revendications
1 a5, caractérisé par des moyens de chauffage qui
augmente la température du premier élément de pu-
rification d’échappement (31) en diminuant ainsi la
quantité de matiére collectée sur le premier élément
de purification d’échappement (31), le dispositif de-
terminant si la température du premier élément de
purification d’échappement (31) doit étre augmentée
par les moyens de chauffage surla base du diagnos-
tic du premier élément de purification d’échappe-
ment (31) par les moyens de diagnostic (25).

Dispositif selon la revendication 6, caractérisé en
ce que les moyens de chauffage place le degré de
hausse de la température du premier élément de
purification d’échappement (31) selon le diagnostic
du premier élément de purification d’échappement
(31) par les moyens de diagnostic (25).

Dispositif selon la revendication 6 ou 7, caractérisé
en ce que, en augmentantlatempérature du premier
élément de purification d’échappement (31), les
moyens de chauffage diminuent simultanément le
débit de gaz d’échappement par I'ajustement d’une
valeur de commande de moteur.

Dispositif selon la revendication 8, caractérisé en
ce que la valeur de commande de moteur est au
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moins le degré d’ouverture d’un papillon des gaz (16)
destiné a ajuster la quantité d’air admis, le degré
d'ouverture d’'une soupape de recyclage de gaz
d’échappement (15) destinée a ajuster la quantité
de gaz d’échappement recyclé, ou le degré d’ouver-
ture d’un papillon des gaz d’échappement (40) des-
tiné a ajuster le débit de gaz d’échappement.

Dispositif selon 'une quelconque des revendications
1a9, caractérisé en ce que les moyens d’alimen-
tation en additif (5) sont constitués par un mécanis-
me d’alimentation en additif disposé dans le passage
d’échappement (26).

Dispositif selon 'une quelconque des revendications
1210, caractérisé en ce que les moyens d’alimen-
tation en additif (5) améne une soupape d'injection
de carburant destinée a délivrer du carburant a une
chambre de combustion de moteur a réaliser une
post-injection, en délivrant ainsi I'additif au premier
élément de purification d’échappement (31).

Dispositif selon I'une quelconque des revendications
1 a 13, caractérisé en ce que le premier élément
de purification d’échappement (31) comprend un ca-
talyseur de NOx qui élimine des oxydes d’azote dans
le gaz d’échappement.

Dispositif selon 'une quelconque des revendications
1 a 14, caractérisé en ce que le premier élément
de purification d’échappement (31) comprend un fil-
tre destiné a piéger des matiéres en particules dans
le gaz d’échappement.
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Fig. 5
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Fig. 6
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Fig. 7
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